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whi h d p nd n ph i al mi ing h ra t ri ti 
g rt t 
f th D p timat th t ar b th 
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it mpl p r da di l ampling at nl r 
ft n in rd r t mpl 
d fin PP R 1d 
t al. 2 7· H ltgri 
rn d 
han V nkit waran 
th t 
1. 
and I a ll 2 14 . h n d 
fi r u h fr rn th f: t th t in highly pr du ti tl ing wat r 
tr m di urn 1 hi ft m plu Jar un rt inty in th 
tim ti n f air-wat r g flu1 mak th tim ti n f PP nd R at h url t dai! 
al n arly imp ibl u ing nl p int- am ling ap r bi t al. 2 7· 
22 
v nkit r n t 1. 2 7. r 1 nti 
1. 2 12 and th 
i nfl rr th int am lin 
in ub ti n th ptur p tt rn 
1rth r in ti ti 11 l n fl a 
th ffi f thi pr h. 
1.2. 1 ripti n th 
m fil 
PP nd R • ig. 1.1 · in rn 
ng n th D p 
hniqu w ann t dir tl di tingui h ti 
r ult th f R d ri d h r r pr nt 
indi idu 1 p thw M ph t 
f 
f 
mpl t min raliz ti n t 
m nta t with th m1 
r r p rt d in d lt 
h 
t 
R ample f R tan dard -1 X 1 
r, p tt rn f pp nd R 
bl n 
gr ith r ult fr rn 
rn nt i pr mt Ln ut 
n ir nm nt t m r ri.g r 
d n m1 pi t d in 




1 int r cti n f 
th partial i ati n 
1 i m fi r th p rti n 
ignatur f tm ph ri 2 r H 2 R ample i th 
2 
r ti h t li ht i t p m rn 18 16 1d 18 1 atm , 112 ' 
and R tandan.l i th fVi nn nd ·d rn t r 
t mi fr ti n f 18 in indi 1 LI d Jin d 
1 1 + 1 ar umrnari z fi Il win H t hki and H Il 2 14 
= R , mple 1 1 + R ample 1.2 
t r, n atm ph ri 
Mu ltipl h ith if[i r nt ti nati n 
ffi ct : 1 uring dim nt 7· 
' 
1 1 7 mpar dt p l gi r 
a p -R in ub ti n-d n d tim t fr m nurnb r nt r ar und 
ut an rang 
- ± 1 %ab t 1. 
uz 1. 2 uifi n -Ri 1. 2 nJ 
ut th fra ti ffi t f M ph 
1.1 whi h nl b n rn a ur ki and hiff 
2 0 ad dr thi ndu t d an nt Jn 
uppl rn nt1.1 t h lp n tr in Pli ur a lu f Pli T mpara 
h m1 ki and hiff 2 and t g th r r g d 3, rangin r rn 
7 bl 1.1 . 
24 
Tabl 1.1. p rimentally d riv d i otopic fracti nati n factor <lphoto 
a iated ·with di lved 0 2 uptak and chan e in i topi ignatur ô1 
dur in the phot -o ida ti n f di olved organic matter. 
d ni ub filt r d t r fr 
m uppl rn nt 1.1 mj j an 
hiff2 rag ± 1 
- 2 ap11 T ur 
im n uch ak 12. 2. O. Thi tud 
2 .0 .2 27.5 
ak 0 2 .2 7 hi tud 
6. 27. 
i ki tr O. h mi ki and m hi ff 200 ) 




tim PP and R flu nd i t pi mbin d in fi 
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Figure 1.2 en itivity analy i inve tigating how the independent manipulation 
of model input term alter e timate of re piration R and gro primary 
production (GPP) in the ô180 i otopic ma balance model. 
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As previously described (Bagard and del Giorgio 20 16), how·ly wind data for 
the period of sampling from one central location in each region were taken from th 
Environment Canada website (https://weather. gc.ca/canada e.htmJ). and from the 
weather station of the Université de Montréal Biological research station 
(http ://www.sbl.umontreal.ca/terr itoire-cartes/meteorologie/index.html) fo r the 
Lauren tians region (Fig. 2.1 a). Individual catchment characteristi cs and regional 
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Figure 2.1. Landscape-level shifts in lake ecosystem metabolism throughout 
north-eastern Canada. 
Map of sampled lakes in northern Quebec, Canada (a). Boxplots denote GPP (b). R 
(c) , GPP:R (d), and NEP (e), grouped and colored by sampling region, and coarsely 
arranged from south to north. Statistical differences among regions assessed using 
one wav ANOV A and Tukey ' s HSD post hoc tests (results shown in grey text). 
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Figure 3.1. Hi togram of (a urface water p 0 2 b daily air-water 0 2 flux 
c) rate of net eco y tem production (NEP and d the ratio of GPP : R. 
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Figure 3.3. omparing pattern of aerobic metaboli rn and biotic 0 2 
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0 2 inga ing . 
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Table 3.2. T p limnological and · nvironm ntal predictor of Ôcmis ion rn 
d-l for anadian bor al lak n = 139. 







Lak ar a rn 2 • -0.4 1 O. 
W tland -0.40 0.07 
r tc O. 4 0.1 
hla )l.g - 1 * - .31 0.1 
v tati r % * 1 0.1 
qu ti h bitat r % • -0. 0 0.18 
p ~Lg L"1 * - .25 0.27 
pH - .24 .28 
TN(mg - 1 * - .1 .40 
mo - .1 .41 
at hm nt ar a: ak ara • - .14 .52 
b 440 m·1 • 
-0.12 0.5 
Wat r r id n - .1 O. 7 
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Figure 3.7. Mass balance calcula ti one timating the hypothetical p 0 2 needed 
for incoming water in order to u tain the ob erved Acmïs ion rate (i.e. rate of 
lake C02 emi ion exceeding rate of NEP, a pre ented in Fig. 3.3a). 
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ran f r undwater and tr am wat r p 2. 
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n 1r nm nt , th r m unting, al id ne f m than 
pr du ti n in , 1 marin and fr h at r . r 
d m n trati n f rn th n g n 1 w 
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Figure 4.1. urface water H4 dynamic in experimental enclo ure . 
r atm nt m lud ambi nt untr t d diti Il f di d rgani 
arb n D nitr g n and ph ph ru 
a H4 ne n trati n rr r b r ± 1 .n1. n = d thr ugh tim 
tm nt RM- V tr atm nt: p = 4 F = 1 .71· tim 
tr atm nt* ti rn H D p t-h 
gr uping = P p > . Da h d lin ill 
di d ~du diffu i n at th air-wat r h d n rn than b n 
pr duc d in itu. With ut int rn l pr duction f H 
quilibrat d with th atm ph r rn an c n ntrati n at quili rium = . 02uM) in 
ll tr atm nt within 1-2 w b Il cti ly n t ~ pr du ti n n plu 
at r c lumn a umulati n p r ncl LU" and rat 
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> > &D . Thick and thin h ri ntal lin ar m an and 
rn dian r p ti 
2 4 
4 . . 2 inking 14 pr du ti n t al 1 d namic 
h rn ng tr in wat r lumn H ne ntrati n and 
flu 
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tr tm nt 
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N P Î0 . 4 .2b. 
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primary pr u ti n PP 
P = PP-R· Fig. 4.2b . 
th r 
nutri nt additi 
H4 flux at da 7 f th 
ncl ur 
and 
m H flu app ar t ha b n dri n rn tl 
h t r tr phi rn t b 1 i m. 
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filtrati n f th und in lak wat r pri r t filling and th r wa littJ r n 
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ti mat d H4, calculat d fr rn th ma ur d 
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uppl rn ntar abl 4.1 uppl rn ntary 4.2 c ntribut d <1 % t th 
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with pr i u tudi Miyajima t al. 1 7· art tal.2 11 · 
an t al. 2 14 . M mbran p rm ability and th r ulting chang with th 
urr unding lak w t r w al n id r d a a p t ntiaJ au 
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up r aturati n. How r the stimat d ntributi f fr rn th w-r unding 
lak 11 ir nm nt w r n th order of < 1% of gr 
M thod and uppl rn ntar Tabl 4.2 . 
d lopm nt f bi film n th wall of th ncl 
H4 pr du ti n ( uppl m ntary 
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Figure 4.2. Linking pelagie eco y tem metaboli rn and H4 dynamic . 
M tab li ti mat fr rn da 7 f th ngl 
p iti rr lat d t a PP · = O. 3· r2 
= 2 15 . [1-e-1.6x] and b 
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di r nt tr atm nt including ambi nt untr at d ad iti n f 
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m ina ti n f b th diam nd 
2 7 
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Figure 4.3. A e ing the biochemical ource of pelagie H4. 
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rn ur m nt. 
2 1 
4 . .4 Rat f wat r- 1 umn m th an 
h 
~ i g. 4.1 
M X.ln 
umul ti n and ut 
nt th n t r ult 
1.11 th t w m a ur d in th ur 
hang an 
d ri rd r ti rn t f p lagi w rri d 
b lan d rib d in th ununariz d in 
7firth ntr r w min d 
th rn a ur d ~ th ran 
input fr rn urr undin 1 
ppar nt p lagi n th rd r f .2 1 t .24 mm 1 rn- d-1 
4.1 f whi h - % w appar ntl idiz d an th r rn ind r ad d t th 
atm ph r . 
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Tabl 4.1. r nhon na mi in La Il. 
th w t r lumn pr du ti n nd di ffu i n H in ambi nt l. ntr 1 
p nm ur tim t d. M Il ± 1 .d. umm rtim Jun - ugu t 
mi ull iti n d :b r a 
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0.23 ± 
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th ti link d t lg 1 d narni and whi h ntribut f H 
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2 17 
p i 1 it th t h uld b furth r pl rd i that fi rm nt ti b t ria th rn 
th nditi n fi r 1 thr ugh ntr phi int r ti n with 
th an Il tam an Plug 2 
I wat r rn igrufi ant rnp n nt f th H budg t f 
mw Il . W h mbin d ur ti rn 
and H4 mt in th rn nt ur with rn a ur m nt and 
~ flu urr unding 1 k umm ri z d in 4 .1 
and 1 in th 
- 2 % f m an umm rtim H diffu i 
ulliti flux th 
a T bi 
Ln pr ri 
k l i ill intr 
uppl rn ntary 
pr bl rn . 










ntribut d - 4% t La 
ntri ut 
rn gnj tu 
f ur 
md 
bl th t thi p thway uld ha gr at r 
r Jati tmp m m r nutri nt-rich pr du ti and in hardw t r 
n Lr run nt wh r 1 w n gati 1. 2 uptak 2 01J 
mm n inl y t J. 2 1 · R a rn nd t a l. 2 13 . 
Within a r mw Il it i int r tin t n te that wat r rn than 
ntri ut d ignifi ant mp n nt f wh 1 -lak mt d pit th 
rn Il .1 km2 r lati h ll w - .Sm rn an d pth lak with an 
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li tt rai ar a nd H4-ri h an 1 h p limni n Il f whi h ar t pi ally m j r 
d p n an i t wh r 
upl d fr m nthi f H 
rn tl dri n nd 
fun ti n l bi rn rn tab li m. In thi r gard 
Ill urfa H4 ln 
g n rai R il t al. 2 15 b r db tw n urfa wat r H4 
and hl r ph Il a in ur 1 H ] = .41 g1o[ hl a] + r 
n = 4 g n r Il with rv ti n fr rn Jar 
w t ultr lig tr phi p n ~ ig. 4.4 · 1 g 1 [ H ] = 
r
2 
= .7 . hi ntinui ty ug t that al al-link d p 1 ic 1 g1 [ hl a] - 1. 
~ pr du ti n m 
and d p qu ti 
plain mu h f th ambi nt H d nami b 
hani rn ha 
b n id ntifi p t nti Il imp rtant in marin (i. . m th lph ph nat r 
m th n thi l atab li m· Karl t al. 2 
arini t al. 2 14· d 1 Vall and Karl 2 
i · Fig. 4.3 · 
ar l arl numb r f p t ntial ure 
r main unkn wn h path wa 
amm t al. 2 1 · B 
r 
art t al. 2 11 · ang t al. 2 14 . h r 
f H 111 p !agi w t r and th ugh it 
imp th 
di r aqu ti n tr nm nt ur r ult highJight n i t nt r lati n hip b tw n 
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Figure 4'.4. Linking di olved CR. and algal bioma across diverse open-water 
aquatic eco y tem . 
H re we combin p rin1 nta1 data from thi tud with lit rature-d riv d 
mea ur rn nt from larg > 1 km2 d p > 1 Om maximum depth) lak and marin 
nvir .nn1ents wh r b th H and chl r ph 11 a ampl w r imultan u l 
mea ur d. tr ng po iti e r lation hip betw n H4 and chlor ph 11 a xi t 
: a) a eraged data ((log1 ox] = 0.9 3 (logl0 ] - 1.630 r2 = 0.73 p < 
O. 0 1) nt ±1 .e.m. b raw data [log1 ] = 0.855[1 g1o ] -
1.1 .72 p < . 001 uid lin for meta-anal sis are di cu d in th 
cti n and raw data ar a ai labl in uppl rn ntar able 4.3. 
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k n t g th r ur findin H pr ducti n in 
n tr nm wt pr d and lik 1 upp rt 
aJI lumn . In 
p thw will b quanti tati ndar r lat i t an 
n f H4 r m 
r mw Il thi 
nthi ur . In Jarg and d p qu h w r thi path w c uld 
b rn m 1 d min nt up r tur ti n and flu 
atm ph r . It h uld b mph iz d th t n id rati n w t r c lumn 
rn than d aril 1 ad t high r fl u timat fi r 1 LJ1 th 
~ d ri d fr 
wat r p H4 and 
· Ba tv ik n 
i air ad in lud d in r utin rn ur rn nt f urt 
urt c 
1. 2 4 2 
Kir hk t al. 2 · Prairi and 
Rudd and Hamilt n 197 
2 11 · rti z- 1 r nt and 
i rgi 2 1 . In rp 
2 12· 
th t utflu th atm ph r fr rn th lak h w r 1 riti al t ur 
und r tanding f th r ul ti n f th ur apa ity t pr di t th ir futur 
chan . In thi r gard th r ar t ntiall lar gl bal implicati 
m ul rl fr rn 
fr rhuiz n t al. 1 · B tvik n t al. 2 11 · Kir hk t al. 2 13 , 
r rn ~ r 1 m nt f th 1 atm H4 u g t, and ugg t h r th t 
th lg 1-m a maj r ntri ut r 
qu ti ILJ n th t i parti ularl n tr nm nt l 
hang. u h wid pr ad and int n ifying human- and limat -dri n hang m 
p lagi nutri nt a ail bili ty arp nt r t al. 1 hindi r 2 M 2 12 
22 1 
t rr trial input hindi r t al. 1 7· M nt ith t al. 2 7 nd ph i al 
tru tur f th wat r lumn hindl r t al. 1 r 2 · M 2 12 
hi h tr ngl qu ti al al d namic 2· hin l r l. 1 7· 
t al. 12 maj r but 
r d tl r and qu ti 




at d t th t ti n ur ntid fi Id 
r th m rit' M ntr ' 1. pnn nd f: Il 
r 1 ti hall w and rn Il m an pth = .Sm pth = .Sm, 
f .11 km2 lum f rn nd li -rn tr phi , with litt! 
phyt plankt n J ma 
- . 1-l hl a - l. D n H rand Kalff 1 
tw m f 110 and 4S ~Lm t rm z plankt n and thr rn 
h r D +P+ r n additi n ntr 1 . th 
KH2P and additi n w r mad h targ t fS and 
7 J..Lg P and ti l . r brand humi lurry w 
add d t r h a targ t n f lS m L-1. F r a full r iw f 
up rhum pr p rti and appli bilit t fr hw t r p rirn ntati n 
al. 2 1 . c m w r ali w d t tabiliz fi r 1 w k 
am pl ing and r - t cking z plankt n at am bi nt lak c n ntr ti n . plankt n 
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JI tdfrm mw Il rti 1 t um 
d int 
4. S. mm l gi al m a ur m nt 
lllimn 1 i al ampl w r ath rd t ~ l 2pm nd 
'P rim nt and Jul 1 u, 2 12 r 
4. g n and t mp ratur 
b g lumn pr fil w r tak n fr 
a y uppl m ntar 4.1 
S4-J..Lm it n t an 
7 and 2 th 
ig. 
t .Sm d pth in ali 
tm nt u ing 
d , wat r 
JI t d .Sm d pth, tilt r d t .4Sf..Lm and hl r ph li a wa m 
p tr ph t rn tri a il in th n 1 filt r tra t . Di 
2S md pth w r rn a ur d in tripli at :D r ach mesocosm fi Il wing Pr iri and d 1 
2 1 P rti 1 pr ur rt d t ne ntr ti n u ing H nr 
t d tl r t mp r tur . n da tim t M 
u m unfil t r d urfac ndu t d in th l b at r m t mp ratur , 1 ting 
h u pl m ntar . 4.4 . In u ba ti n b 
p nm nt· ampl tl r m ur m nt f H4 id ti n M 




mpl w r capp d t an air with a ga ti ght, 3mm-thi k utyl ru b r 
lin d pl tic p th n in ub t d in th d rk at 2 . Ambi nt 4 rn a ur d in th 
rn rn wa u d a a tim c n ntrati n and ampl w r ub qu ntl kill d 
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24h.r inj ti n f Ig 12 nd t r d t 4° in th d rk until an 1 p n 
an d with ambi nt Ir and th r rn mm ampl w 
quilibr t d with th Lr quilibr ti n nd 
g hr mat graph r p dl rm d a tl r m bi nt R pir ti n r t 
w r d t rmin d b dark in- ilu 24hr in ub ti n n p rim nt d y nd 7 in Il 
u in0 unfilt r d w t r in 4- cu it in r . Initial and fin 1 ampl f 
4.5.4 
Il t d and rn a ur d 
2 2. 
chamb r flu ti mat 
B u i rand d 1 
ir-w t r H flu m th rnesocosrn and th urr unding lak w r 
c ffi i nt th 1 tt r d ri d fr rn th rn a ur d i nt r 
2 m mesocosrn up r aturat d m 2· k 2 wa rn a ur d m n 
mesocosrn p r tr tm nt -5 tim dail during da 6-7 and 27-2 f th 
p rirn nt, u ing th fl ating ham r rn th d tl llo ing Va h n t al. 
Bri fl nn t d ia t rn t an M-4 infrar d ga 
rn nü r PP t rn B MA. lu calculat d th r t f hang f 
hamb r p 2 min-1 during a 15 minut int rval. Di 1 amplin d 
tirnat fr rn th rn rmn aft rn n and ni httim p ri d and rn an 
alu w r u d tl r dajl flu d 2 ampl tak n pri r t 
11 hamb r rnea ur rn nt u ing th am h pa hniqu a tl r H4 but with 
22 
dir t inj cti n f th quilibr t d ga into th M-4 in th fi Id. he ga e chang 
c ffi ci nt fi r H4 wa th n alculat d fr rn k 2 u ing quation 4.1) following 
Jahn t al. (1 87): 
th chmidt numb r of 2 and H r w anninkh f 1992 . 
cal ulat Kt flu w u d th a rag k H4 al u th rn a ur d p fu and 
the t mperatur d p nd nt olubilit wmg quati n 4.2 : 
F = k ga * K h * g 4.2 
wher F i flux f Kt mmol rn -2 d- 1 Kh i th t rnp ratur - rr t d I nr 
c n tant and th difil rene in partial pr ur b tw n th air and th wat r 
partial pr ur 
pp m. 
f H . W a um dan atm ph ri partial pr ure of H4 of 1.75 
4.5.5 1 t pi anal 
1 c mp iti n ar r p rt d in d lta n tati n fi li wmg quati n (4.3): 
83 r 8 0 = R amptel R tandard -1 *1 00 4.3 
wh reR i th rati fh avy t light i ot p 3 re pre -DI 
8 0 rpr nt 180-H20 and R tandard i th 83 or 8 0 ignatur f 
Vi nna P D B 1 mnit VPDB r tandard rn an cean wat r ( M W) 
r p cti el 11 am pl w re taken at ~ 25 cm d pth. ample for 81 - 2 and 
13 
- fu w r tor d in 12-ml pr c rnbu t d b ro ilicate ial pr r d with 
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I g b nd air-fr ampl pp d with a a ti ht ru b r lin pl ti ap. 
z d at th m r i t f 
ingl am pl fi r 
filling Pi arr 
a urn dr pr ntati r th 
am pl 
lin d g -ti ht pla ti ap 
tan dar rn th d. 7 r 
r u d t tim t PP and Pfill wmg 
4.5. um n l rn th d 




b th u ing tandard 




w ur f arian RM- v mp r 
H4. n-
n tr atm nt fi r r up d dat 
th 
wa v w LI d t a 
and g1o + 1 tran fi rrn ti n appli d t f ru·ian 
fillwdb nfl rr ni p t-h p irwi c mpru·i n f tr atm nt rn an . Il 
r gr w r p rfi rm d u m igmapl t . 12 and v wr 
rn ut with P . W u d rd in ry l uar uantify th 
link n PP r P and H4 th f 
B.. thr ugh ti rn wa l fun ti n th d ri. ti tak n 
22 
n th t tim w uppl m 4.4. hi ppr hw 
ur t tn in tr diti n lm th d ' 
u h g tran fi rm ti n B Il w n th lin arp rti n f th 
d t t umi t al. 1 lar rr r in th f th r gr 1 n 
lin wh 
ti mat 
ing wlu h p int t fit and whi 
2 
2 2. 






ni ar within th r 1g 
m_m 1 m- rt d t umi t a l. 1 
M 
·B ik n 
.17 -
1. 2 2, 
p rti ul rl fi r b r 1 1 f imilar tr phi nditi n tv i n t 1. 
ppar nt i t pi fr ti n ti n 
w tim t d th r nt fr cti n ti aapp during rn than 
tn nrd 2 5. pp r nt fr ti na ti nf: t r i d fin d u in LI ti 11 
aapp = 2 + 1 1 - H 4 ur e+ 1 4.4 
- H 4source i th ign tur f ur H an 2 wa 
tumm and M rgan , u ing 
n ti tl1 m a ur dam 
H 4ambient we tim t d ur e ting fi r th t pi 
nt p n- y t rn , 
nati n d fm d in qu ti n 4.5 : 
22 
- H4 ur e= J - H 4ambienl - - H 4ambienl - 405 
wh r fand 1-far th f nt ir 
ur tim ti M di id th um f 
ho t pi ffi f In ur < 
nb appr tm qu ti n 40 
1 - al 40 
fr ti n ti n f: t r n r ti no d ri d lu fa 
r u d D r r u d 
l. 1 2 and D r M th ran r p tvi n t al. 2 2 ° i 0 
u do 
th p t n ti l ran f aapp tim n da 7 f ur 
rtm 
and i t pi 
p t nti 
M 




ari ility in M r thi an l 
alu in M 
ith b th minimum and m tmum rprtd-Dri 
unn M Ba tvik n t 1. 2 2° 1 .4an 2 0 %o 0 B 
a nati n 
f id ti n with n 
ti n with l w fr n and high id ti n r t with high a 








thi nal i upp r and l w r und fi r CXapp timat d u mg ur a tuai 
m a ur m nt fM X. 
4.5 .8 M m ma b lan 
T quantify rn than in th xi mix d 1 r of ambi nt 
ma balan fr rn th ambi nt c ntr 1 ur w r ntrutd 
uppl m ntar abJ 4.2 fi r ompari on with oth r Jak ba d ~ flu u mg 
quati n 4. 7): 
H 4gr = H4 + E + 0 - M 4. 7 
H 4gross) ar timated b umming th rate of chang 
H4) d fin d a th rat f incr a in th an1bi nt H p ol with th 
rat of H4 a ion (E) and idation 0) mmu th horizontal influ of t rnal 
H4 ia diffu ion a r th wall f th ncl ur (M· d tail d in th 
uppl m ntar M th d ). In all ca ma 
th ntir mi d la r r urfac of th 
t c mbin a rial E and M) and olumetric ( H4 and 0 proce e on each ampling 
dat . 
mix d la ra ra d pth f 1.68m uppl mentar ig. 4.1) 
wa u d t calcul at b th mi d la r lum and th urfac ar a f th ur 
wall that c ntribut d t H influ from th urrounding lak h 
chang 111 torag H4) w calculat d a th rate f chanb in ambi nt H4 
Ill h 
a 
lum tri li th 
4.2 . h rat 
1 ulati n. ~ m Il 
fi r rn pari n with th 
4.5 . 
urr 
it al ng tran 
trap 
Jul and ugu t 2 
2 1 
a fun ti n ftim Utn th i n lin 
thn dju t d 
ur -1 d-1• uppl rn ntary 
d 7 f th p nm nt wa u d fi r ali 
f H4 ros W r unit mm 1 rn- - 1 
r l b d rn a ur rn nt 
d namt 
nd rn 
ll n u nm nt. 
r ult w r 
qu ntify umm rtim 
mp d ith th 
f bulliti n 
4.1 bubbl tr p w r fi d t fi p rman nt amplin 
at - 1 2 5 and 7m d pth . Bu 1 
r th ntir amplin n d nd c 11 t d rn nthly in J un 
m rt d funn 1 3.5 rn diam t r 
1 w th 
raduat d 1- gla 
f th w t r .25m at th h Il w t ampl 
ttl w att funn 1. b 
th b ttl cap t th n ck f th funn l t m a ga tight al. h b ttl 
rh atin r li ht ur 
ga. B ttl r fill d with wat r up n d pl rn nt th ga umulat d b 
di pl ing wat r in th b ttl . B ttl w r c ll a rn nth r until a lum 
gr at r than 25 ml f g 
di pla rn nt ith ambi nt 
ar full r rn d b 
ap fitt d with 2 nn 
2 2 
u t f th a wa inj t d in ml a lin 1 z d upon r turn t th 
hr rn t raphi ncl ur am pl m 
th m j rit f ampl ttl fi r up t am nth Il 
um d th t th H atm r na 
f mpl 
ith 1 i t ratur 
B ). 
f lak H wa tim t d b fir t m unn 
f n rn nthl n ar h ubbl trap ng th 
tran t. rang d b tw n 
and di n ry v p = d tail d a fi r th 
rn n :flu timat d b ppl ing th a rag 
24hr t 7m d pth a] ng th tran t rn an k 114 = 
Wh l lak ~ nd 2 diffu i :flu w r cal ulat d b appl ing 
r g r al f diff11 i n t th ntir lak urf: 
bulliti n w f bulliti n 1 + 
mm 1. m-2 d-1 w r appli d t th lak urfac < 3m in d pth hi 
ar w tim t d d t 1mining th ar a th lak <3 rn m d pth r m a 
hyp r phic urv and Imb d n 1 9 and i ting 
arignan 2 l . 
4.5. 1 
n tr nm nt w 
k 
2 
nd H4 in p n w t r 
mpar th r ult r rn ur rim nt ur with 
> 1 km2 d p > 1 rn rn trnum pth b r al 
r hw t r nd m nn d 
ul t d in uppl rn nt r 
fr rn th 1 it r tu r 
bi 4. 
hl r ph Il a w r rn a ur d 
data an 
in lud 
il d and chi a w r mad ind p nd ntl but 
nd thu lud d. r ma1n n 1 t nt with th 
an1pling appr a h fr rn ur tud nd rnpling f b r 1 1 n ar- urfa 
p n- t r r ult fr m th nt r f th 1 k r fw1h fr rn th c a tai 
n ir nm nt in marin tudi 
midp int f th t rang w 
r ult w r a rag d. 
w r u d. umm rtim r ult r tak n if 
If ur · w r gi n a a ran th 
n. I multi l ampl w r tak n at n it th n 

4. 
4 .. 1 
1m n uthi r- ~ ut u Ju n P bi nthi M ·il n 
R id u and R an l ut hin pr i t n J n-
4. .2 uth r ntri uti n 
M.J.B P. .d. . and .D. d i n d th tu · M.J.B . 
. M. p rfi rm d fi Id and l w rk· M.J.B. and Y. .P. an 1 z d th d t · M.J.B. and 
P. . d. . wr t th pap r Il au th r r i d th p p r· . and P .. d .. 
ntribut rn t rial . 
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4.6.3 mp ting tnan 
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Figure 4.1. Me oco rn water-column profile . 
aturati n and b t mp ratur w r rn ur d in n 
p rim ntal p r tr tm nt and ar a rag d h r fi r da 7 nd 28 n = 
3 rr r bar = + 1 .d .. Man ± 1 .d. mi l y r d pth fi r th ntir 
p rim nt l durati n wa aleu! t d fr rn t mp ratur pr fi l t b 1. 8 ± .3m 
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and thi m1 d la r d pth alu wa appli d t all ncl ur -1 
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Figure 84.2. Daily atmo pheric ga -exchange dynamic for the me oco rn and 
the lake. 
timated H4 chang c ffi i nt ( k H4 w r d ri d fr rn th rn a ur d k 2 a 
a functi n f time :D r p rimental ur (blue circl and r th lak r d 
triangl ). H rizontallin indicat m an dail alu f k H plott d in blu and r d 
and th lak r p cti l mean ± 1 .d. = 0.69 ± .52 and .65 ± 
0.42 m d-1 r p cti el ) . 
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Figure 4.3. Daily average weather pattern recorded at the fi Id tation n ar 
Lac romwell. 
ta in lud a rag ind p d r d lin a rag air t mp ratur bi k lin and 
ph t ti r di ati n P R blu lin . k arr w indicat th 
dat and n Jun 5th 2 12 
' 
y 157. r 
n n Jun th , Jun 1 th and Jul 
1 2 . t th t 1 ga flu timat gan at midd n th 
da pr din ampling. nditi n + 1 .d. ar :[! r 1r 
t mp ratur PAR and ind p dr p cti 1 · 1 .1 ± 3.5 7 + 1 7~-t -2 - 1 rn 
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Figur 4.4. Me co rn methane oxidation (MOX) dynamic . 
Rat fM X r quanti fi d t d 7 f th 'P ri rn nt a d tai.! d b l 
dark in ub ti n f i 1 in th 1 at n ar am i nt lak t mp ratur 
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fi· ma 
+ . 11 2 2 - 5. 6 + 25 .4 r 2= 1 quar : y = -
+ 124. 4 r = .99 g Id triangl : y = -
7 + .1 x2 - 7.5 + 27.41r .1 NP gra triangl 
+ 622 2 - 3.8812 + 26 .38, r = .99. 
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4.7.2 uppl rn ntar 




fz plankt n H fr m th ur u ing min- and 
1mum f indi idu m1 n r t 4 and 2 nm 1 H indi idu r1 - t pr nt d 
Ang li nd mbin d with ur mpiri al d t rmin ti n f 
plankt n bi rn in th 
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Table 4.2. Ma balance timate of methan gene i in ambient enclo ure . 
JI t rm in unü f mm ur _, d-1• n mpJ Dr H idati n wa 
an 1 z d .d . w n t al ulat d. 
.12 2 
.1 n.a. 
H 4 016 1 
H4gros~ . 2 
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Table 4.3. Raw data and a embly method for open-water R,and 
chlorophyll a (chi a) meta-analy is. 
note si te/trea tment (chi a - ng ) 
, nge conc. me, n or mid~t . s.e.m. reeorted range n an or mid et. s.e.m 
t C-n ocosn 2730 913 250 222.1 33. 
1 1 314 
1 1 tO 
2245 22 1 
6 3 2 7 
460 32 14 1236 125 16.9 
1475 109 
1704 1 9 
2600 17 
42 11 206 
3 
5 6 9466 1722 317.8 54 1 
676 315 
30 2 2 
11 303 29 
157 530 
276 1 32 1 27 7 456 310.7 .0 
3375 493 
130 26 1 
105 11 266 
11322 2 
19 26 
729 1325 11 9 
.4 
2 Lac Bu ad 235 
2 Lac Buad 997 29 
2 Lac a id 3955 11 6 
2 Lac Pentecôte 575 Ill 
2 Lac rand otibi 844 
2 Lac Iron Am1 326 31 
2 Lac Lan tte 167 
2 La Walker 18 44 
2 Réservoir M2 138 1 207 
2 Lac Kénogami 2378 43 
Kénogami 1294 102 
2 LacA i re 5 83 
2 Ré ervoir Menehek 67 1 31 
2 Lac A lbane! 1510 40 
2 Lac Albane! 1534 
2 Lac Mi ta sini 05 
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1 uke BI\\ 2200-55 52 
ke B1w 70 
ke B1' 0 
l ake B1w 
1 Lnke 1\\ 70 
ke B1' 51 
1 Lnke B1wa 7 
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urement reponed forCH 4 and hl a 
3Mr ajium et al 1 7). range of ch i a from text , drgnized urfa e H., lue from figure 2 
4 hulzet al (200 1 entrai d ta, 1111dpomt of umn:nirne ch i a range m teX! , central urrun:nime H4 urfa e alue 
from figure 2, Narro\ d ta , drgitized surfa e alue from figure 7 
s ch mid et al (2 7) Diguized ummer medran urfa e alue from figure 2a 
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furth r rt inl th fi r ur mesocosm . 
h rn r f 
mg qu ti n 5 f 
± 1 .d. fl. + Ill - 1 
t ti n n ar th fi r th ur ti n f th 
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Note 4.2. Quantificati n of potential H4 input fr rn zooplankt n. 
H r w ha timat d th p t ntial nt ri uti n f n t th 
d H4 In ur uppl rn 4.1 . 
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N t 4. trap lati n of ur H4 mi ti mat t th er tm. 
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4.7.4 up 1 rn ntar M th d : timat f r -rn rn ran H4 fl u . 
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h p rrn ility f th rn rn linin influ fr rn th urr undin 
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d thi w fir t tim t d rn rn ran p rm ability t H4 in th 
ti no 15-d in cu ati n p ri rn nt. 
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r d jar r p cti 1 and p H4 i th 
in p ~. Putting ali t rm 111 qu ti n l c ntaining 
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tr phi ta tu f m t lak tudi d, r t 
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imp 11 nt t u t inin 2 mt n fr m lak than pr j u 1 th ught h pt r 
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la d th r ult int 
I II III . In rn 
nd th r fr -
257 
hniqu in 
rn ta li r ult , 
timat hi rk 
li rn a ur rn nt 
rnpling pr ram with minim 1 dditi n 1 
li rn nt f 1 k 
thi will n ur g 
r 1 n f th w rld fi r whi h 
li d t h b n tr iti n Il iffi ult t bt in. 
5.2 Implicati n 
h f n rth rn lak rn t li rn an fi d b fun ti nin 
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